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Technical Field

This invention is in the field of nucleic acid hybridization assays. More specifically, it

relates to an improved method for immobilizing nucleic acid probes on polystyrene surfaces for

the purpose of removing analyte nucleic acid from solution.

Ranlrpround Alt

Commonly owned US 4,868,105 describes a solution phase nucleic acid sandwich hybrid-

ization assay in which analyte nucleic acid is first hybridized in solution to a labeling probe set

and to a capturing probe set in a first vessel. The probe-analyte complex is then transferred to

a second vessel that contains a soUd-phase-immobilized probe that is .complementary to a

segment of the capturing probes. The segments hybridize to the immobilized probe, thus remov-

ing thecomplex from solution. Having the analyte in the form of an immobilized complex facil-

itates subsequent separation steps in the assay. Ultimately, single stranded segments of the label-

ing probe set are hybridized to labeled probes, thus pemritting the analyte-containing complex

to be detected via a signal generated directly or indirectly from the label.

Commonly owned European Patent Application (EP) 317077 discloses a variation in the

assay described in US 4,868,105 in which the signal generated by the labeled probes is amplified.

The amplification involves the use of nucleic acid multimers. These multimers are branched

polynucleotides that are constructed to have a segment that hybridizes specifically to the analyte

nucleic acid or to a nucleic acid (branched or linear) that is bound to the analyte and iterations

of a second segment that hybridize specifically to the labeled probe. In the assay employing the

multimer, the initial steps of hybridizing the analyte to label or amplifier probe sets and capturing

probe sets in a first vessel and transferring the complex to another vessel containing immobilized

nucleic acid that will hybridize to a segment of the capturing probes are followed. The multimer

is then hybridized to the immobilized complex and the labeled probes in turn hybridized to the
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m^MMMmoR
mobilizing a nucleic acid probe

One aspect of the present invention is a process for immoo g

wtvrene surface for use in a solution phase nucleic acid

having a first functional group on a polystyrene surface

canHwich hybridization assay comprising:

5 « — the poiystyrene surface by washing it s^uentiauy with a strong actd,

10 ^ToL aspect of the— is an article o£—e for- in a solution phase

mdeie acid sandlh hybrtdizauon assay comprise a po,ysty«ne surface ha™g a po

,^
adSorbed .hereon and a nucieie acid probe covalently bonded to the poiymer» a base-stab*
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""^am another aspect of .he— is animp— in a so.* phase nucleic add

, complementary ,o a segment - a DNA multirrcr and a se, of eapurre^^~
Has .L segment *a, is complementary «- '——'

*" "

mm«rv to an oligonucleotide immobilized on a polystyrene surface,

leotide immobilized on a polystyrene surface; ^^^
(C)

contacting the product of step (b) under nyonaixa

*-
W coning the product of s*p (C under hybridization conditions withM

oHgonudeotide tha, is immobilized to the po,ys*rene surface «a an adsorbed polymer

the oligonucleotide is covalentiy bound via a base-srable bnkage.
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A "multimer" intends a branched polynucleotide that is capable of hybridizing simultan-

eously directly or indirectly to analyte nucleic acid and to a multiplicity of labeled probes. The

branching in the multimers is effected through covalent bonds and the multimers are composed

of two types of oligonucleotide units that are capable of hybridizing, respectively, to analyte nuc-

5 leic acid or nucleic acid hybridized to analyte nucleic acid and to a multiplicity of labeled probes.

The composition and preparation of such multimers are described in EP 317077 and W092/

02526, the disclosures of which are incorporated herein by reference.

immobilization of Prnhe on Polystyrene Surface

10 While the following discussion is directed to immobilizing probes on the surfaces of the

wells of conventional polystyrene microtiter plates, it will be appreciated that the invention meth-

odology may be used to immobilize probes on other polystyrene surfaces employed in nuclei

acid sandwich hybridizations, such as particles (beads), tubes, filters, columns, and the like.

The polystyrene surface is first cleansed by washing it successively with a strong acid,

15 a strong base, and aqueous buffer. The acid will normally be a mineral acid such as hydro-

chloric, nitric, or sulfuric acid at a concentration of 0.1 to 5 N. Hydrochloric acid (1 N) is pre-

ferred. The surface will normally be contacted with the acid for 1 to 60 min (preferably about

15-20 min) at temperatures in the range of 4 to 37°C. The acid-treated wells are then washed

with a neutral aqueous buffer such as phosphate-buffered saline. The strong base will normally

20 be an alkali metal hydroxide {e.g., NaOH, KOH) at a concentration of 0.1 to 5 N. Sodium

hydroxide (1 N) is preferred. Contact time between the surface and the base will usually be 1

to 60 min, preferably about 15-20 min. The contact temperature will again typically be 4 to

37°C. Following the base treatment, the surface is again washed with neutral aqueous buffer.

The surface is coated with a polymer, preferably a polypeptide that has a multiplicity of

25 reactive primary amino groups and which will passively adsorb onto polystyrene. The polypep-

tide will typically have an average of about 10% to 100% primary amine containing amino acid

residues per molecule. The polypeptide may be a naturally occurring protein or a synthetic poly-

peptide. The synthetic polypeptide may be homopolymeric (composed of the same amino ac,d)

or copolymers (composed of two or more amino acids). Other reactive functionalities, such as

30 sulfhydryl or carboxylates, on either natural or synthetic amino acids can be employed. Its mol-
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ft* excess). A variety of***** agents may be used as long as the—a! criteria of

base-s.abili«y and reactivity with the oUgonucieotide and amino groups of the polypeptide are

me, Examples of suable crossing agents may be found in Pierce Chemical Catalog. The

conditions of the coupUng reaction will vary with the particular agent used. The presently pre-

ferred aoss.in.dng agent is bisCsuUosuccintaidyOsubera^.
The aossUnMng agent will normaUy

be dissolved in a polar solvent or aqueous buffer, and the solution added to a solution of the

oUgonucieotide in an aqueous buffer and tine polar solvent The coupling will normaUy be

earned out at neutral (6-8) pH, and temperatures in the range of 4°C to 25'C for about 10 nun.

,„ 18 to The resulting ougonucleotide-^sslinking agent conjugate (sometimes referred to

herein as "activated oUgonudeotide") may be purified from unreacted starting materials and

unwanted reaction products using conventional chromatographic procedures.

The polypepude-coated surface is men contacted with a neutral aqueous buffered solution

of the purified activated oUgonucieotide under conditions that permit the remauung funcuonal

Pcup of the crossing agent to react with an amino group of the adsorbed1***^*
Ly this coupling reaction is carried out using excess activated oUgonucieotide (.0- to 1004*

excess is preferred) a, 0"C to 2TC for OS «, 18 hr, preferably at« to 8°C for 8 to 18 ht

activated oUgonucleotidefromthe surface. A. this stage in the process, me surface iscoatedwtth

adsorbed polypeptide to which the nucleic acid probe has been covalenfly bound via the cross-

Ming agent In the case of aandard nucrouter wells, there wiU typicauy be 0.1 u. 10 pmoles,

preferably 0.4 to 0.7 pmoles. of immobilized nucleic acid probe per weU. At this point one may

options "overcouple- tire plate, by adding additional Afunctional crosslinks to me surfac* to

reaa with any reactive groups remaining on the plate surface.

When the surface is to be used in an amplified assay procedure, particularly an assay

using the large comb-type multimers of WO9202526, it is preferable to subject the surface to

conditions 0>a. simulate the conditions (pH, ionic strenph. temperature, detergent) that prevatl

during the solution phase hybridization step of tine assay. Such treatment tends to dislodge any

polypeptide-oUgonucleotide^lexto

tio, Aceorfingly, in such instances the surface will be contact witi, a mild basic sotauon con-

fining a low concentration of a detergent 0.1 to 0.5 N NaOH containing 0.01 to 2.0 w.%
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ysis by a variety of means, e.g., proteinase K/SDS, chaotropic salts, ere. Also, it may be of

advantage to decrease the average size of the analyte nucleic acids by enzymatic, physical or

chemical means, e.g., restriction enzymes, sonication, chemical degradation (e.g., metal ions), etc.

The fragments may be as small as 0.1 Kb, usually being at least about 0.5 Kb and may be 1 Kb

or higher. The analyte sequence is provided in single-stranded form for analysis. Where the

sequence is naturally present in single-stranded form, denaturation may not be required. How-

ever, where the sequence is present in double-stranded form, the sequence will be denatured.

Denaturation can be carried out by various techniques, such as alkali, generally from about 0.05

to 0.2 M hydroxide, formamide, salts, heat, or combinations thereof.

The first binding sequences of the capture probe and amplifier probe that are complemen-

tary to the analyte sequence will each be of at least 15 nucleotides, usually at least 25 nucleo-

tides, and not more than about 5 Kb, usually not more than about 1 Kb, preferably not more than

about 100 nucleotides. They will typically be approximately 30 nucleotides. They will normally

be chosen to bind to different sequences of the analyte. The first binding sequences may be sel-

ected based on a variety of considerations. Depending upon the nature of the analyte, one may

be interested in a consensus sequence, a sequence associated with polymorphisms, a particular

phenotype or genotype, a particular strain, or the like. ,

By appropriate selection of the first binding sequences of the amplifier and capture probes

they may be used to identify a specific nucleic acid molecule that includes a particular gene or

other sequence that is present as part of different nucleic acid molecules. In order to discriminate

the nucleic acid molecule of interest from other molecules that also contain the given sequence,

one of the probes is made complementary to the given sequence while the other is made comple-

mentary to another sequence of the molecule which other sequence is unique to that molecule

(i.e., is not present in the other molecules that contain the given sequence).

The second binding sequences of the capture probe and amplifier probe are selected to

be complementary, respectively, to the oligonucleotide branch to the polystyrene surface and to

a segment of the multimer and so as to not be encountered by endogenous sequences in the

sample/analyte. The second binding sequence may be contiguous to the first binding sequence

or be spaced therefrom by an intermediate noncomplementary sequence. The probes may include
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Hybridization can be carried out at a mildly elevated temperature, generally in the range from

about 20°C to 80°C more usually from about 35°C to 70°C, particularly 65°C.

The hybridization reactions are usually done in an aqueous medium, particularly a buf-

fered aqueous medium, which may include various additives. Additives which may be employed

include low concentrations of detergent (0.1 to 1%), salts, e.g., sodium citrate (0.017 to 0.17 M),

Ficoll, polyvinylpyrrolidine, carrier nucleic acids, carrier proteins, etc. Nonaqueous solvents may

be added to the aqueous medium, such as dimethylformamide, dimethylsulfoxide, alcohols, and

formamide. These other solvents will be present in amounts ranging from 2 to 50%.

The stringency of the hybridization medium may be controlled by temperature, salt con-

centration, solvent system, and the like. Thus, depending upon the length and nature of the

sequence of interest, the stringency will be varied.

Depending upon the nature of the label, various techniques can be employed for detecting
.

the presence of the label. For fluoresce, a large number of different fluorometers are available.

For chemiluminescers, luminometers or films are available. With enzymes, a fluorescent, chemi-

luminescent, or colored product can be provided and determined fluorometrically, luminometric-

ally, spectrophotometries or visually. The various labels which have been employed in

immunoassays and the techniques applicable to immunoassays can be employed wif
the subject

assays.

The following examples further illustrate the invention. These examples are not intended

to limit the invention in any manner.

Example 1

White Microlite 1 RemovaweU strips (polystyrene microtiter plates, 96 wells/plate) were

purchased from Dynatech Inc.

Pre-Wash

Each well was filled with 200 pL 6N HC1 and incubated at room temperature for 15-20

min. The plates were then washed 4 times with IX PBS and the wells aspirated to remove

liquid. The wells were then filled with 200 pL 6N NaOH and incubated at room temperature for
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rvnpiin
r
nf ActivatedO^^nte to PolvfPhM .ys)-Coated Plates

50 pL of the activated oligonucleotide-contairung eluent was added to each well and the

. wells were incubated at room temperature for 120 min. The plate was then washed 4 times with

IX PBS and the wells aspirated to remove liquid.

5

Final Stripping

200 pL of 0.2N NaOH containing 0.5 wt.% SDS was added to each well. The plate was

wrapped in plastic and incubated at 65°C for 60 min. The plae was men washed 4 times with

IX PBS and the wells aspirated to remove liquid. The snipped plate was stored with destccan.

10 beads at 2-8°C.

Example 2

Pre-Wash

Microlite 1 Removawell polystyrene miaotiter plates were prewashed as in Example 1,

15 except that 1 N HC1 and 1 N NaOH were used.

Polypeptide Coating ,

The wells were coated as in Example 1. The first stripping step was eliminated.

20 Oligonucleotide Activation

XTl* oligonucleotide was activated as in Example 1, except that: the molar ratio of DSS

to XT1* was 400:1 instead of 1000:1; the buffer and PH used during activation was sodium phos-

phate at PH 7.8; the buffer and pH used to quench activation was sodium phosphate at pH 6.5;

and the temperature and buffer used to purify the activated oligonucleotide was sodium phosphate

25 at pH 6.5, 4°C

Coupling Activated Oligonucleotide to Coated Wells

Coupling was carried out as in Example 1, except that the buffer was sodium phosphate,

pH 7.8 and the incubation was overnight
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A comb body of the following structure was first prepared:

^(^gGTTTGTGG-

RGTCAGTp'
5,

)15

10

15

wherein X' is a branching monomer, and R is a periodate cleavable linker.

The portion of the comb body through the 15 (TTX') repeats is first synthesized
I

using

33 8 mg aminopropyl-derivatized thymidine controlled pore glass (CPG) (2000 A, 7.4

^ o 1 7 cvcle protocol. The branching site nucleotide

micromoles thymidine per gram support) with a 1.2 cycle proiocu

was of the formula:

20

25

30

H-N(CH
2)rOR

O
backbone

35
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dissolved in 100 uL water. 3' backbone extensions (segment A), sidechain extensions and liga-

tion template/linkers of the following structures were also made using the automatic synthesxzer:

15

3' Backbone

extension
3 '-TCCGTATCCTGGGCACAGAGGTGCp-5

'

ST 3 '

-GATGCG(TTCATGCTGTTGGTGTAG)3
-5

'

10 Ligation

template for

linking 3
s

SSK 3 ' -AAAAAAAAAAGCACCTp-5

'

Ligation tem-

plate for link-

ing sidechain _ r ,

exinsion 3'-CGCATCACTGAC-5

The crude comb body was purified by a standard polyacrylamide gel (7* with 7 M urea

and lx TBE running buffer) method. ,

The 3- backbone extension and the sidechain extensions were ligated to the comb body

as foliows. The comb body (4 pmo.e/pL), 3' backbone extension (6.25 ptnole/pL), sidechatn

3 extension (93.75 pmole/pL), sidechain Unking template (93.75 pmoWuL), and backbone UnJong

.emplate (5 pmoie/pL) were combined in 1 mm ATP/ 5 mM DTT/ 50 mMMA pH 8.0/ 10

mM MgCy 2 mM spermidine, with 0.5 oniWpL T4 polynucleotide kinase. Tne rmxture was

incubated at 37'C for 2 hr, then heated in a water bad, » 95°C, and then slowly cooled * below

35»C over a 1 hr period. 2 mM ATP, 10 mM DTT, 14% polyethylene glycol, and 021 untts/pL

30 T41i,asewere added,a^themncnJreincubaB
dforl6.24hra,23«C. TheDNA was precipita-

ted in NaOMhanol, resuspended in wafcr, and subjected to a second ligation as foUows. Tne

mixture was adjusted to 1 mm ATP, 5 mm DTT, 14% polyethylene glycol, 50mM Tns-HCl, pH

7 5 10 mM MgCl,, 2 mM spermidine, 0.5 units/pL T4 polynucleotide kinase, and 0.21 umts/ pL

T4 Hgase we* added, and the mixture incubated at 23°C for 16-24 hr. Ligation produce were

35 then purified by polyacrylamide gel electrophoresis.
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PKte complete,™ .o nucleotide sequences i* .he HCV El gene c, Group n vW iso.a,es

(see Figure 2B):

rnmplement of

10

15

20

Prnhft TVne Probe Number Nucleotide Numb

27B 879-911

Label 28B 912-944

29B 945-977

30B 978-1010

31B 1011-1043

32B 1044-1076

33B 1077-1109

capture 34B 1110-1142

Label 35B 1143-1175

Label 36B 1176-1208

Label 37B 1209-1241

Label 38B 1242-1274

Capture 39B 1275-1307

Label 40B 1308-1340

Label 41B 1341-1373

Label 42B 1374-1406

Label 43B 1407-1439

Capture 44B 1440-1472

Label 45B 1473-1505

25
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5

In the above sets, each capture probe contained, in addition to the sequences

complementary to the HCV sequences, a downstream sequence complementary to XT1*.

Assay Format

Extraction buffer of the following range was prepared.

Extraction Buffer Recipe - 100 mL

Recipe for 100 mL:

5.3 mL 1 M Tris-HCl, pH 8

10 4.24 mL 0.25 M EDTA

13 mL 10% SDS

160 uL 10 mg/mL sssDNA

26.5 mL 20X SSC

7 mL Deionized Formamide

15 93 mg Proteinase K

The Tris, EDTA, SDS, sonicated salmon sperm DNA and SSC were added to 25 mL de-

ionized water and the volume was adjusted to 93 mL with deionized water. The'solution was

mixed gently and the pH was adjusted to 7.5. The proteinase K was added to the solution and

20 mixed until dissolved. The solution was incubated at 37°C in a water bath for 3 hr. The solution

was cooled to room temperature and the formamide was added.

Hybridization buffer of the following recipe was made by mixing the contents with resting

to form a solution.
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performance in the assay.

Example 6

5 A modified procedure is as follows:

Pre-Wash „ , , N

TOte Microlite 1 Removawell strips (polystyrene microti plaKS, 96 wells/plate) were

obtained from Dynatech Inc. Each well was filled with 250 pL 1 N HQ and incited a, room

temperature for 15-20 min. The plates were ten filled with 250 pL 1 N NaOH and abated

10 atroom,emperaturefor,5-20nti. The plates were then washed 3 times with 1 x PBS, and the

wells aspirated to remove liquid.

PniWPhft-bvs') Coating

Poly(Phe-Lys) (as described above) was mixed with 2 M NaO/ IX PBS to a final concen-

Oano„ of 0.1 mg/mL (pH 6.0), and 200 pL of the resuMng solution added to each well. The

U plate was wrapped in plastic to prevent drying, and incubated overnight at 30°C. The plate was

ten washed 3 times with IX PBS, and the wells aspirated to remove liqtnd.

Oligonucleotide Activation » .

To250ODM uniK ofPSCP(5-.XCAaTCACTTTCnTCCAAGAG-3',whereX,sN
<-

(fi^ocaproyM-armnceAy^-methylcytidine) in 50 mM sodium phosphate (pH 7.8) was

20 added bU(s„lfosuceinimidy.)suberaK C'BS'", 180 mg). The mixrure was vortexed and incubated

at room temperature for 30 min. A gel filtration column (Sephadex® G-25. Pharmacta «,uu-

ibrated with 10mM sodium phosphate (pH U> was used ,o purify the activated oHgonucleoude.

The activated oligonucleotide reaction mixture was applied to the column and allowed to filter.

Tne eluate was collecttd and saved for use in the next s«p. The concentration of fte eluate was

25 adjusted to 3.7 x 10* ODW-L using 50 mM sodium phosphate (pH 7.8) for dilution,

rwih.. of Activated n,irn„^tide to Polv(Phe-l TO-Coated Plates

The activated oUgonucleotide*ontaining e.»«« (100 pL) was added to each well, and the

wells incubated a. 4'C for 12-18 hours. The pla* was men washed twice with IX PBS, and the

wells aspirated to remove liquid.
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Claims

1 A process for immobilizing a nucleic acid probe having a first functional group on a

5 polys^rene surface for use in a solution phase nucleic acid sandwich hybridization assay com-

prising the«^ ^ ^ ^^ ft ^ a^ acid>

10 polystyrene surface; and
.

(c) covalently bonding tire nucleic acid probe to the adsorbed polymer vta a base-

sable linkage involving said first and second functional groups.

2. The process of claim 1 wherein said bonding is effected via a bifunctional crosslink^

15 agent

groups are primary amino groups.

20 4 The process of claim 1 including the step of

(d) ^^^v^at^^**^^***^*****
, saingen, as the conditions used in the solution phase sandwich hybridization assay.

5 The process of claim 2 wherein the polymer-nucleic acid probe-coated surface is

25 contacted with a mfld base solution containing a tow concentration of detergent at 25 to 65

for 10 to 180 minutes-

6. The process of claim 3 wherein the solution is 0.1 to 0.5 N NaOH containing 0.0! to

2 wt% sodium dodecyl sulfate.

30
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15. The article of manufacture of claim 12 wherein there are about 0.4 to 0.7 pmoles of

the probe in the well surface.

16 The article of manufacture of claim 9 whereto the polymer is poly(Phe-Lys), the

5 crossUnktog agent is disucctoimidyl derate, and the nucleic acid probe is selectedJrornthe

^upc^trngofS'-XCACCAC^

AAGAG-3-, where X represents the ^ammccaproyl-2-arrdnoeu,yl)
derivative of cytidtne.

,7 Ir, a solution phase nucleic acid sandwich hybridization assay for detecting the

10 presence of an analyte single-stranded nucleic acid in a sample wherein the assay compnses the

steps of:

(a) contacting the sample under hybridizing conditions with a se, of labeling probes

each of which has a firs, segment that is complementary ,0 the analy* and a second segment that

is complementary to a segment of a DNA mummer and a set of capture probes each of whtch

15 has a first segment that is complementary to the analyte and a second segment that »

complementary* an oligonucleotide immobilized on a polystyrene surface;

(b) contacting the product of step (a) under hybridizing conditions wtth satd

oligonucleotide immobilized on a polystyrene surface;

(c) contacting the product of step (b) under hybridization conditions wuh sard

20 multimer; and
.

(d) contacting the product of step (c) under hybridization condmons wtth a labeled

oligonucleotide that hybridizes to the multimer, the improvement whereto the oligonucleotide .s

immobilized to the polystyene surface via a polymer adsorbed on the surface to which toe

oligonucleotide is covalently bound via a base-stable linkage.

,8. The process of claim 17 whereto the bonding Is effect via a Afunctional

crosslinking agent

19. The assay of claim 17 herein the polystyrene surface is a well of a microtiter plate

30 and steps (a) through (d) are carried out in said well.

25
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FIGURE 2B

•27B
GGAAGYTGGGATGGTYARRCARGASAGCARAGC <nt879-0

CTAYAYYCCGGACRCGTTGCGCACrrCBTAAGC

AATOCTTGMGTTGGACX^RTCGTTYGTGACATG

Syktgcatgatcaygtccgyygcctcatacac

KTTGTYYTCCCGRACGCARGGCACCCACCC8GG

CCTCGGRGTSAGCGCYACCCACCARCCCGAGSW

YGTOGTGGGGAYGCTGKHRXTCCTGGCCGCVAR

CCCRACGAGCAARTCGACRTGRCGTCGTAWTCT

ycccacgtacatagcsgamsacafbcyagcccy

ctcggagayragiiaaaacagatccgcaragrtc

?gtctcrtcccggcgagsbgagaaggtgaayag

GCCGCGATAGAKKGAGCAKITGCAKl^iGYAC

clTATCCCAAGCCAT^CaaGGCCTGAYACGTC

CA^TTAMKXTGYYGTRGGYG
ACCAGTTCATCAT

GAatGCrrGTCGGATCCGGAGTAACTCCGAYAC

GACTCCCCAGTCRGaXCCC^CACCATKrCCAT

.SCCCACCATGGAWWAGTAGGCAAGGCCCGCYAG

GACTAGCATCACAATCAADACCTTAGCCCAGTr

ygwcrygyrgctktkcccgtcaacgccggcaaa
<ntl505-Y)
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FIGURE 3.2

•HCV.33.16A
RCCHRCCITCCCCATAGCCTCACCrCWACCTCG

•HCV33.16B
RCGKRCCTTGGGGATAGCTIGTCGCCWTCCACG

•HCV.33 17
YCCRGGCTX^CCCCAGRYCCTRCCCTCGCRYYG

•WC"V.33 18
BSHRCCCTCRrniCCRTAGAGCGGCCADGGETA

CCGGGGCTGfGTGGGGCCCCAYCTAGGCCGRCA

a^cg^tcaccttacccaafttrcgcgacctrcg

CCCCA'TCAGRTCGGCGAAGCCGCAYGTRAGGGT

GCOGCWARRGGGGCGCCGACGAGCGGWATKTA

a^Stcggacrcckigygccarggccctggcagc

k^^cctgttgcatagttcacgccgtcytccag

SS^aGGAAGAKACSAGAAAGAGCAACCRGCjMAR

r

f 5/6
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FIGURE 2B

OGAAGYTCKATGtnVAJWCAKl^^ (n«7?-Q

^<TrGMGTTGCACCAKTCCmCTGACAW

^TCCATGATC^YGTCCCTrtCCCrCATACAC

RTTGTY^TCCCGRACCCARGGCA^TCXIACCaiGG

^^>LCTC5GCAYGCTGIOiKrTCCrCGCQ0CVAR

YCCCACGTACATAGCSGAWSAGAR1GYAGCCCY

CTOCGAGAYlLACItAAAACAt^TCCCCAIlAORlC

Sctcstgccggccaosbgagaaggtgaayag

GCCGGGATAQAXKGAGCAKTTGCAKTCCTCTf
AC

^TATCCCAAGCWTlOG^^

^CTAJlCGCTGYVt^CWYGACCA^TrCATCAT

ijACKCCTTCjrGGCATCCGOAGTAACTOCCAVAC

SSna:iXAGTOTGO^
t

.K^CCATGCAVmAGTAOOCAAOOttCCCYAG

CACTACCATCACAATCAADACCTTAGCCCACTT

•ilB
ycWYCYRCCTiniKCC<^CAA<XCCGCCAAA
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FIGURE 3.2

JCGHSCCTTGGGSATAGQTTGTCCCClVTCCACG

^^CCTTACCCAArmC«^CCT*CC

e^c^ktitgcatacttcaccccctcvtccac

1<
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FIGURE 2

A

tl?A

•ft*.
irrAJuujCCCtowcc/ffxwcccAenccwccc

RTACTCGACTTAOGOCAAICAlTCiCTSAaCtQ

JcJlrtCCACCATCttATCIUOOCtCICCTACAC

&1A ' _
rt

GVillCCC iCJteCAACTCAACCSAQCAs> W

OTCACAAGCACJkTCC^TOTCJACGTCCAACCW

OTCAa^CARCGCCCA«CACAC«Cra3PCC5f

yigjbxqaCaaoa* or?*r » r; fcrrcnr,«Aicie

OTTCCAUlU^lUXlGSSACACAAOCTGAACAC

SccooATAOATw5Aa^TiccAWcrr«cr

catatoocatoocatocogtoacccottayatc

VaCCAAYGCCCTCCTAPCOQACCMHTCATCAT

CjauxiiuiiXCAiTOoaAqyAaemAceyAV

GÂ lWUXAGTCKOCWCCAQCCAICAirrCCAW

eoO&AjCCATOCAOAAATACOCfAltiCUCCCyAC

TAOYAGCA^ACTACyAlCACCnoaCCCACTr

*4SA
js5TGAecixi*fircjercMKeTC3iAc^^
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FIGURE 3.1

;HCV.33.1

TCCTCACAGGGGAGTGATTCATG6TGGAGTGTC

MO/332
ATGGCTAGACGCTTTCTGCGTGAAGACAGTAGT

:HCVJ34
GCCTCGAGGCTGCACGRCACTCATACTAACGCC

:HCV.33.4

CGCAGACCACTATGGCTCTYCCGGGAGGGCGGG

:HCV33~5
TCRTCCYGCCAATTCCCGTCTACTCACCGGTTC

:HCV.33.6

GCAT7CAGCGGGTTDATCCAACAAAGCACCCGG

:HCV33.7
AGCAGTUIYGCGGGGGCACGCCCAARTCFCCAG

:HCVJ3.8
ACAAGGCCnTCGCGACCCAACACTACTCGGCT

:HCV.33.9
GGGGCACTCGCAAGCACCCTATCAGGCAGTACC

YGTCCTCATGIOGCACGGTCTACGAGACCTCCC

:HCV33.H
GTTaCCTTTGX'I I i 11 i 1 1'lGRGGl 1 1KGGAWT

:HCV.33.12

CGGGAACTTRACCTCCTGTGGGCG1CGGTTGGT
•

:HCV33.13
CARGTAAACTCCACCRACGA'XTZXUKCCRCCRCC

:HCV.33,14

RCGCACACCCAAYCTRGGGCCCCIGCGCGGCAA

:HCV33.15
AGCTTTGCGACCGCTCGGAAGTCTTYCTRGTCGC
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FIGURE 2A

47A
YCAACCCCXXACMTTCAMbCX^GAJUiCCAGCCC (ntf7t-C)

MA
KTAIU^CCCYCWGK*ACTTCCCCACXTCCT3tCCC

JlATACTCGACTTAGCGCAATCATTGGTCACTro

£0A
^CYJtTCCACCATCCYATC3UC»CCYCTCCTACAC

J1A *

Ul iJtLUClCJU^AACCCAACCCACirACCCCGS

^2A
CCTStCCCGTVAYCCCCACCCAACACCTOCACIC

CCTYCYGCCGACTTTCCCXTCOCttKnCGCYAC

MA _ _

CCCCAC^AGCACATCCAICTCACGTCGAACCSC

•JSA
CCCCACGTACAJtGGCCCAJOC^

3*A
YTC3UCCCACAACAA AftACAGACCCtyAYA^iJK:

-37A
CCrCCACTCqyCCClCCCACACAACCICAACAC

CCCCCGATAGAraGARCAATTGCAlYCTTCCGT

^TATCCCATCCaOCCCCrt^CCCCrrAYAIC

yaccaaVcccgtcctacxkksacca«3tcatcat

41A

CAtCU-i'IUlUCGATCCCCAGYASCrGAGCYAY

GACTCaXACTCXGCVVCCACCCATCATXTCCAW

*43A
CCCCACCATCCACAAATAOCCTATCCCCCCYAC

TACYACCACYACTACYAXGACCTTCCCOCACTr

•4SA _
GSTCACO'lUKLa LXTCSfCCCTCRACCCCCCCRAA
(BttSOS-G)
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10

20 The assay of claim 17 wherein the surface has been snt.jee.ed to the hybridization

conditions of step (a) after oligopeptide has been immobilized .herein and washed prior to

carrying out step (a).

21 The assay of claim 18 wherein me polymer is polyCPhe-Lys), me crosstirJdng agent

is disucdrumidyl suberate, and the nncleic acid probe is aefecttd from the group consisting of

X represents the ^.(6-anunocaproyl-2-aminoethyl) derivative of cytidine.

28
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7. The process of claim 1M the suong acid is 1 to 10 N HC1 and the strong base

is 1 to 10 N alkali metal hydroxide.

8 reprocess ofdata 2 wherein the nucleic acid probe is first covalenfly bound to the

crossing agent via reaction between the firs, functional group on the probe and one of the

functional groups of tine agent to form an activated nucleic acid probe and the activated n„cle.c

acid probe is then covalentiy bound to the adsorbed po.yn.er via reaction between one of sard

second functional groups and the other functional group of the agent

9. The process of claim 8 wherein the nucleic acid probe has a cytidine in which tire tf-

position is modified to provide said functional group on the probe.

10 The process of claim 2 wherein the polymer is polyffhe-Lys), the crosslinldng agent

is disuccimmidyl suberate. and the nucleic acid probe is selected from the group consisting of

5*-XCA(X^CTTTCTCCAAAGAAG-3' and 5'-XCACTTCACTTTCTTTCCAAGAG-3\
where

X represents the ^6-ammocaproyl-2-arrdnoen,yl)
derivative of cytidine.

1, An article of manufacture for use in a solution phase nucleic acid sandwich

hybridization assay comprising a polystyrene surface having a polymer adsorbed thereon and a

nucleic acid probe covatently bonded to the polymer via a base-stable bifunctional crossing

agent

12. The article of manufacture of claim 11 wherein tire article is a well of a microtiter

plate.

13. The article of manufacture of claim 11 wherein the article is a bead.

14. The. article of manufacture of claim 10 wherein them are about 0.1 to 10 pmoles of

the probe on the surface.

-26
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Final Stripping

2 N, 250 UL) contains 0.1 «% SDS was added to each well The plate was

wrapped in p>as<ic and incubaKd at 65»C for 60 nun. The plate was then washed 3 times wt*

IX PBS, and the wells aspirated to remove liquid.

Overcoupling - .

phosphate (50 mM, 100 uL. PH 7.8) confining 0.4 mg/mL BS' was added to

each wen and aUowed to incuba* with the pla* for 12-18 hours. The plate was then washed

twice with IX PBS and once wiut water. The completed plates were then stored in pouches a.

^
Modifications of the above-described modes for carrying out the invention that are

civics to those of skill in biochemisoy. nucleic acid hybridization assays, and related fields are

intended to be within the scope of the following claims.

DOCID: <WO 9313224A1_L>

-24-



10

15

20

25

Wyhridizatio" ^nffer Recipe - 1L

Pprepft for 1 LitST.

5 gr Blocking Reagent

10 mL 10% SDS

200 mL 20X SSC

DI water to 1 liter

Twen^-fivepLeachofftecapmreandlabelprobe, were added to 3,000 pL ofPK buffer

02 mg proteinase K disso.ved in 6 mL of extraction buffer). Fifty pL of this mixture« added

„ the we!ls of a microti plate prepared as in Example 2, followed by the addition of 50 pL

of theWe suspeoed of confining HCV nucieic acid. The plafc is covered with Mylar and

incubated a, 65°C for 16 bx. The plate was then cooled, the Mylar removed, me wells asptrated

Washed wim IX wash buffer (0.1% SDS/0.015 M Nad/0.0015 M sodium citrate) and abated

again,

A solution of the multimer (25 fmol/50 pL) in hybridization buffer was prepared and 50

pL was added to each well. Tne plate was covered with Mylar, agitated for 30 seconds and incu-

bated at 55*C f<* 30 minutes. The plate was then cooled, the Mylar removed, washed wtth IX

wash buffer, and aspirated.

The assay was carried out on specimens containing, respectively, HCV FNA a, 5, 50, and

500 tipomole, (tin, 1 tipomole = 602 motecu.es, or 10- mole) using microtiter plates prepared

as in Example 2 with varying amounts of irnmobOized (capture) DNA per well. Sensiuvrty was

cua—d as a del* value = (mean - 2 std dev) - (zero + 2 std dev). Hgure 4 repons the

results of these assays. As indicated, optimum sensitivity for mis assay occurs at 0.1 to 1.1

pmoles of immobilized DNA per wen.

Example 5

Assays for HBV DNA were carried out using the format described in Example 4 above

and microtia plate, coated as in Example 2 above but using various polypeptide coating. In

these assays, poly(Phe-Lys), casein, Boehringer-Mannheim "blocking reagent (#1096176

-22-
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Probes complementary to

Bgare 3):

nucleotide sequences in the C gene and the 5'-untranslated region (see

30

Prnhe Type

Capture

Label

Label

Label

Capture

Label

Label
«

Label

Capture

Label

Label

Label

Capture

Label

Label

Label

Label

Capture

Label

Label

Label

Capture

Label

Label

Label

Capture

Label

Prnhe Number

HCV.33.1

HCV.33.2

HCV33.3

HCV.33.4

HCV.33.5

HCV.33.6

HCV.33.7

HCV.33.8

HCV.33.9

HCV.33.10

HCV.33.11

HCV.33.12

HCV.33.13

HCV.33.14

HCV.33.15

HCV.33.16A

HCV.33.16B

HCV33.17

HCV33.18

HCV.33.19

HCV.33.20

HCV.33.21

HCV.33.22

HCV.33.23

HCV.33.24

HCV.33.25

HCV.33.26

-20
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T flhRl and Optiirp. Probes Used

The amplifier (label) and capture probe HCV-specific segments used in this assay were

as follows:

5 Probes complementary to

Figure 2A):

nucleotide sequences in theHCV El gene of Group I viral isolates (see

rnmplement of

Probe Tvpe Probe Number Nucleotide Numl

10 Label 27A 879-911

Label* 28A 912-944

Capture 29A 945-977

Label 30A 978-1010

Label 31A 1011-1043

15 Label 32A 1044-1076

Label 33A 1077-1109

Capture 34A 1110-1142

Label 35A 1143-1175

Label 36A 1176-1208

20 Label 37A 1209-1241

Label 38A
.

1242-1274

Capture 39A 1275-1307

Label 40A 1308-1340

Label 41A 1341-1373

25 Label 42A 1374-1406

Label 43A 1407-1439

Capture 44A 1440-1472-

Label 45A 1473-1505

- 18-
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where R represents

10

For synthesis of the comb body (not including sidechains), the concentration of beta cyan-

oethylphosphoramidite monomers was 0.1 M for A, C G and T, 0.15 M for the branching site

monomer E, and 0.2 M for Phostel™ reagent Detritylation was done with 3% trichloroacetic

acid in methylene chloride using stepped flowthrough for the duration of the deprotection. At

15 the conclusion the 5' DMT was replaced with an acetyl group.

Cleavable linkerR and six base sidechain extensions of the formula 3'-RGTCAGTp were

synthesized at each branching monomer site as follows. The base protecting group removal (R2

in the formula above) was performed manually while retaining the CPG support in the same col-

umn used for synthesizing the comb body. In the case of R2 = levulinyl, a solution of 0.5 M

20 hydrazine hydrate in pyridine/glacial acetic acid (1:1 v/v) was introduced and keptin contact with

the CPG support for 90 min with renewal of the liquid every 15 min, followed by extensive

washing with pyridine/glacial acetic acid (1:1 v/v) and then by acetonitrile. After the deprotec-

tion the cleavable linker R and six base sidechain extensions were added using a 6.4 cycle.

In these syntheses the concentration ofphosphoramidites was 0.1 M (except 0.2 M R and

25 Phostel™ reagent; R was 2-(4-(4-(2-Dimethoxytrityloxy)ethyl)-phenoxy 2,3-di(benZoyloxy>

butaneoxy)phenyl)emyl-2-cyanoemyl-N,N-(msopropyIphosphoramidite).

Detritylation is effected with a solution of3% trichloroacetic acid in methylene chloride

using continuous flowthrough, followed by a rinse solution of toluene/chloromethane (1:1 v/v).

Branched polynucleotide chains were removed from the solid supports automatically in the 380B

30 using the cycle "CE NH3
.

M The ammonium hydroxide solution was collected in 4 mL screw-

capped Wheaton vials and heated at 60°C for 12 hr to remove all base-protecting groups. After

cooling to room" temperature the solvent was removed in a Speed-Vac evaporator and the residue

- 16-
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Stripping

- a noN NaOH/0 5 wt.% SDS as in Example 1.

The wells were stnpped with 0.2 N mutvv^ wu

Example 3

T.etanobnizationpro^ofExan.p.esland^werexcpea.d
using var^g amounts

of activat.4^ used in ft. coupling step. The amounts of oligonucM bound

^ llsn surL was determined in each of these experiments. Fig. ! is a graph sho^g ft.

^-ft«-,~ A.*^--^-«« ta^10'"

10 to the well.

Example 4

This sample illustrates ft. us. of the invention in an HCV RNA assay and relates ft.

MAN* of the assay «o the amount of probe immobilized on the plate.

v-nfly-h „fMnjrimBrUsal in Assay

A "15 x 3" amplified solution phase nucleic acid sandwich hybridan assay was

en.p.oyed in mis example. The "15 x 3- designation derives from the fact that ft. format

Nations of a second segment mat hybridi.es to three labels oUgonuCeotidep^
T„. 15 x 3 comb-type branched oligonucleotide having 15 branch ** and srdechau,

fusions having ft- labeled oHgonucleotide binding sit. was synthesized »

Mch^calsynftesesofoligonucleotidesw^performedonau—
cDNA ynft

sizer (Applied Biosystems, Inc., (ABI) xrtel 380 B). Phosphoramidite chemistry of ft. beta

ZL5 typ. wl used including S'-phosphorylation which employed Phostei™ reagent

Id. by ABI was employed in ft. speeded cycle. Append.^ -

£

curving out cycles 13 and 6.4 as run on ft. AppBed Brosystems Model 380 B DNA Syn

30 sizer.

- 14
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• ochpH d times with IX PBS and the wells aspirated to

15-20 min. The plates were again washed 4 times wun

remove liquid-

„ . . m Sjsma o^.als, Inc. Tnis Polypi has a 1:1

mora, ratio ofPhe4ys and an average -«W»£ ^^*"™ tJ—l.i^ (PH ,o,. »*
was .ted wit. 2M NaCI/0.5 x PBS to a*,

^ ^^
ofto solution was added «o each well. T»e pla«e was PP

0 incubated at 30°C overnight Tne p.ate was tf.cn wa*ed 4 times rnth IX

aspirated to remove liquid.

SJ§L^EE^
• o.wt%SDS was added to the polypeptide-coated

200 uL of 0.2 N NaOH containing 03 wt% DS ^^
l5 well, opiate was wrapped in plastic and incubated at 65 C for I hr.

washed 4 times with IX PBS and the wells aspirated to remove bqurd.

g ipomirlrartdr.
Activation

mSS, wereeach Solved in 500 uLdimethyl-

- 50 mg aliquots of disucdnimidyl
suberate (DSS) were each

ais

20 formamide (DMF).
^nucleotide (designated XT1*> in IX

o<nn units of the above-desenbed 21-mer ongonuweu
KOD^umtsof*. .^^wasvor^and incubated atroom

PBS was added to each aliquot of DSS-DMr-
eauBitaated

„ forMmin TwoNAP25columnS a,50pLahquotper26ODM1
)wereequUt»ra

temperawreforMrmn. Two NAT
^^wasdttu^dwnhZrnLlXPBS.andthedauKd

with .XPBS. meDSS.DMF-ongon„cleotidem«
was ^^^^

25 mix was loaded quickly onto .he columns. Tire columns wer

flxpBSi

was discarded. Activate* ongonucleotide
was eUtted from each column wrth 3.5 mL IX

collecting the entire column into 100 mL IX PBS.

- 12-
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other noncomplementary sequences if desired. THese noncomplementary sequences must not

hinder the binding of the binding sequences or cause nonspecific binding to occur.

Tfcecaptureprobe and amplifier probe may bepreparedby oligonucleotide synthesispro-

cedures or by cloning, preferably the former.

It will be appreciated that the binding sequences need not have perfect complementarity

toprovidehomoduplexes. In many situations, heteroduplexeswm sufficewhere fewer than about

10% rfte bases are mismatches, ignoring loops of five or more nucleotides. Accordingly, as

used herein the term "complementary" intends a degree of complementarity sufficient to provxde

a stable duplex structure.

The labeled oligonucleotide wfll include a sequence cornplementary to the repeated oligo-

nucleotide units ofthe multime, We labeled oligonucleotide wfll include one or mote molecules

("labels"), which directly or Mrectly provide for a detectable signal. The iabels may be bound

to individual members ofme complementary sequence or may be present as a terminal member

or terminal tan having a plurality of labels. Various means for providing labels bound to the

sequence have been reported in the literature. See. for example. Ua* <t aU ]locNajLAcad_Sci

USA (1983) 80:4045; Renz and Kurz.Huc^cidiRei (1984) 12:3435; Richardson and Gumport,

^Acids Res (1983) 11:6167; Smith * at., ^Add^Res (1985) 13:2399; Metakoth and

Wahl AHLBiofihem 0984) 12£:267. The labels may be bound either covalently or

non-covalently to the complementary sequence. Ubels which may be employed include radio-

nuclides, fluoresce cherrdlrnwnescers, dyes, etrzymes. enzyme substrates, enzyme cofectors,

enzyme inhibitors, enzyme subunns. metal ions, and the like. Illustrative specific labels include

fluorescein, rhodamine, Texas red. phycoerymrin, umbelliferone, luminol, NADPH, a-B-galacto-

sidase, horseradish peroxidase, etc.

The ratio of capture probe and amplifier probe to anticipated moles of analyte will each

he at least stoichiometric and preferably in excess. This ratio is preferably at leas, about 1.5:1.

andmorepreferablyatleast*!. „ will normally be in me range of 2:1 to 10.000:1. Concentra-

tions of each of theprobes will generally range from about «r» to I0« M. with sample nucleic

acid concentrations varying from
10» id 10» M. Tlte hybridization steps of the assay will gen-

eral take from about 10 minutes to 2 hours, frequently being compl«ed in about I hour.

- 10-
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* , , i**. fSDS» at 25 to 85°C for 10 to 180 minutes.) After this final treatment,

a hurmdity^mrolled
environment at 0°C to 10°C pending use.

I0WS -e Ire *e coaKd surface is the inner surrace of the «* of .
,

nnoro ter

well surface, and (2) a amp P ^

^r„*.«— ——, -----
u i, Th^resultine product is a three component nucleic acid complex of the two

i.- . -- —
ThiC rnmriex hybridizes to the immobilized probe on tne wc
This complex nyon ^^ duplex

seauence The resulting product compnses
the complex bouna to

sequence. * f
binding sequence of^

formed bv the oligonucleotide bound to the weusundcc a.

, i i« then added under conditions which permit it to

hv washine The labeled oligonucleotide is then aaoea ui

,Led nucieic add compiex is then«W - -<>ve unbound .abeied ougonuCeoude, and

^ ^ lalvte nucieic adds may * from a variety of source, „. bioiogica, fluidsor

JNSOOCtD: <WO 9313224A1_L>
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ecrtar weigh, is „o, critical and will normally be in the range of 5,000 . 50,000 dal.cn.

Examples of polypeptide, that may be used in Ms capachy are poly.ysine. poly<Phe-Lys)

poMAla-Glu), casein, and bovine serum albumin. Poly(Phe-Lys) (1:1 mol ra»o of Phe:l,s

Ling a molecular weigh, in tire range of 30,000 . 60,000 is preferred. The coating is earned

ontby exacting the cleansed polysryrene wim aneutral (pH 6-8) aqueous buffer solution of me

pdypeptide-Theconcentiation ofpolypi

more usuaJly 0.1 » L5 mg/mL. The solution may optionally comain sal. up . about 5M
con-

centration. The polypeptide coating step will normaUy be canied ou. a. 20'C . 65'C for 0,

• 36 hr, preferably at 25 * 35°C for 15 to 20 nr. Mowing mis treatment the surface ,s

washedrepeatemywimaneutralaqueousbu™

any ifma, be subject . conditions (pH, ionic strengm, detergent proteinases) mat sunuhue

or are more srringen. than .hose used in me mitial hybridization step of me assay » dislodge

adsorbed polypeptide ma. would be susceptive . disiodgemen. during me initial hybnd*auo.

The single-srranded oligonucleotide probe ma. is covalently bound » me adsorbed poly-

peptide may be prepared by me amoma.ed phosphoramidate memod described by= ,

DNA (1984) 3:401, and purified according » Sauchez-Pescador and Urdea, DNA (1984) 3.339.

^include!MM nucleotide or nonnucleotide linker ma. includes a functional group

ma. provides a reactive site by which «o couple me oligonucleotide » me crossing agent

cytidine. described in US 4,868,105. Oner modified nucleotides are desenbed m US 4,948 882^

Tne lengm and base composition of me oUgonucleotide probe wUl depend upon me length and

base composition of me nucleic acid sequence » which i. mus. hybridize. I. wiU normaUy be

15 .o 100 nucleotides in lengm, more usuaUy 20 to 30 nucleotides in lengm. The 21 base ohgo-

nucleotideS^CAOCACTTTCrcCAAAGAAG-S- (described in EP 317077), and S'-XCACTTC-

ACTTTCTTTCCAAGAG-3', whereX represents me ^-(6-aminocaproyl-2-aminoemyl) denva-

tive of cytidine, have been chosen as slandard probe sequences.

The oligonucleotide is coupled «o me base-stable bifunctional crosslinlring agent vta reac-

tion between me funotiona! group of the S'-modined nucleotide of me oligonucleotide and one

of me functional groups of me crosstiruting agent To avoid coupling oUgonucleotide to bo*

functional groups of the crossing agent me agent is used in large excess (.«. 50- to 1000-

iSOOCID: <WO &313224A1 .!_>
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T^P.f DescriP '̂"" "f the Drawings

In the drawings:

Hgpre lis a graph ofth^t, of to experiments described in Example 3.

Fig! 2-3 are listings of sequences of segments of the probes described in Example 4.

Hgure 4 is a graph of the results of the tests described in Example 4.

M»n for Ca-y-f invention

term "base-stable" as used ,o characterize the covalent linkages that are employed in

bonds due to hydrolysis) when contacted with 1 N NaOH a, temperatnres m me ran^ o to

70»C or nnder conditions mat are at least as stfngent <e.g.. Simula or are

.hose nsed in me hybridization of the probes to the analv* in me solution-phase hybnchzahon

15 assay.

Theterm "Afunctional crosslink agent" tods organic modules mat have two func-

tional groups, one of which is capable of reacting with a functional g*>up of me po ymer

emp.0,1 in me—„ to form a covalent bond between the agent and the polyme and the

^ which is capable of reacting with a Actional group on the nucleic- pro.~

-

,0 t0 be immobilized to form a second covalentbond between the agent and the probe. Theresul.

th protTvia reaction between me two functional groups of the agent and— ,oups on

the lymer and me probe. Preferably, me funcuona, groups on the polymer and probe are pr,

25 primary amino groups <*.*., carboxyl. sulfonyl chloride or aldehyde groups).

Solution phase nucleic acid hybridization assay" intends the assay techruques descnbed

md claimed in commonly owned U.S. Patent No. 4,868,105 and EP 317077.

A "modified nucleotide" intends a nudeotide monomer mat may be stably .ncorpottted

into a polynucleotide and which has an additional functiona! group ma, wDl react with a func-

30 tional group of the crosslinking agent

-4-

iSDOCID: <WO 9313224A1J_>
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second segment iterations on the multimer. Since the multimers provide a large number of sites

for label probe attachment, the signal is amplified.

Conmonly owned copending appUcadonUS ScrialNo. 558,897. ffled27My 1990, (PCT

WO92/02526) describes the preparation of large comb-type branched polynucleotide mummers

for use in the above-described solution phase assay. Tne combs provide greater Signal

enhancement in the assays than the smaller nvoltimers.

As described in EP 317077, wo types of solution phase nucleic acid sandwich hybrid-

ization assay formats are employed: a bead assay procedure, and a microti- dish assay pro-

cedure. In practice, themiaotiter dish assay is preferred. Tne procedure for immobilizing tire

capture probe in the wells of polystyrene microtiter dishes was as follows. Po.y-(phenylalan,I-

lysine) was passively adsorbed onto the surfaces of the wells of the dish. Tne oligonucleotide

to be immobilized was synthesized by solid sate procedures to have a 5' modified cytidine (the

^-(o-arnmocaproyl^-aminoemyl derivative of cytidine). Tnis oligonucleotide was activated by

reacting the modified cytidine with the bifunctional crosslink^ agent ethylene glycol b,s-

(succinimydyl succinate) and the activated oligonucleotide was added to the wells and incubated

a.room temperature. During the incubation, the other functional group of the crosslink^ agent

reacts with theprimary amino groups ofthe adsorbed poly-fphenylalanyl-lysine) to thus immobd-

jze the oligonucleotide. The weOs were men washed with phosphate-buffered saline (PBS),

coated with HM buffer (0.1* SDS, 4xSSC 1 mg/mL sonicated salmon sperm DNA, 1 mgfaL

poly-A 10 mg/mL bovine serum albumin), washed again with PBS, and stored for use. As

indicated, the initial hybridization of the analy* to the capturing and amplifying probe sets was

earried out in separate wells under basic conditions. Following the hybridization, the sohmon

was neutralized and the neutralized solution transferred to the wells containing the immobilized

probe The initial hybridization could not be carried out in the wells containing the immobilized

capture probe because the immobilized complex was unstable under the hybridization conditions.

The present invention provides several advantages over the above-described pnor pro-

cedure, first, it permits the entire assay, including the initial hybridization, to be carried out in

onewell. Second, it improves the reproducability of the assay. Hnally, into preferred embodi-

ment employing large comb-type multimers, it provides reduced background signal.

30

3DOCID: <WO 9313224A1_I_>
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Transfusionsassoziierte Risiken: Infektionen und

Immunmodulation

Sibrowski W, Staugel W, Wegener S (Hrsg): Transfusionsmedizin 1993/94.
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Molekularbiologisches Screening

transfusionsmedizinisch bedeutsamer Viren
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0
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J. Beyer', K. Seidell A. Mutz', K. Kleesiek"
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Institut fiir Uboraioriums- und Trunsfusionsmedizin, Hera- und Diabet«zemn>m NRW.

Ruhr-UniversiUl Bochum. Bad Oeynhausen, Deutschland
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« Infektionsambulanz dcr StSdtischen Kliniken Osnabrilck, Deutschland

EinUitung

Blutkonserven und Blutprodukle sind Arzneimittel; die zu ihrer tiberwa-

chung eingesetzten Methoden miissen dem «Stand der wissenschafUicben Er-

kenntntee. entsprechen (§ 5 AMG). Stand der Wissenschaft ist in der Vuologie

nicht nur der Nachweis von Antikorpern, sondem auch der Duektnachweis von

Viren mit molekularbiologischen Methoden. insbesondere mit Hilfe der Polyme-

rase-Kenenreaktion (PCR) und der reversen Transkripuon/Polymerase-Ketten-

reaktwn^PCR).^ ^ Hepatitis_c-Viren (HCV) [1J, Hepatitis-B-

Viren (HBV) [2], Human-immunodeficiency-Viren
Typ 1 (HIV-1) [3] und Zy-

tomegalieviren (CMV) [4] mit Hilfe der PCR b*w. der RT-PCR optim.ert und

fieorilft, ob diese Methoden fur ein allgemeines Blutspenderscreening geeignet

sind. Die verschiedenenTeilschritte der Methode (NuWeinsaureextraMon, reverse

Transkription und «nested» PCR) fur die vierViren wurden so mod.fiztert, daBder

gleichzeitige Nachweis verschicdener Viren in einer Reaktion mit einer «Mul-

tiplex-PCR» moglich ist (Abb. 1, Tab. 1).

Nachweismethoden und Ergebnisse

FUrdenNachweisvonHeparitis-C-Vir^

die Methode [6] und untersuchten 21 Hamophiliepatienten, 128 anu-HCV-pos.t.ve
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Tab. 1. Nachwcis transfusionsmcdizimsch relcvanier Viren mil der Polymerase-Kcltcnreaktion

(PCR)

Virus Material Zyklen und Primer

PCR
HIV 1 Plasma, Serum 1 *ncsted» RT-PCR |3]

reverse Transkriprion mil Primer 3*V3NOT,

1. Amplifikation 30 Zyklen, Amplifikat von 422 Basenpaarcn (Bp) mil

5 V3NOT: CAA TGT ACA CAT GGA ATT
TV3N0T: TTA CAC TAG AAA AAT TCC C

2. Amplifikation 35 Zyklen *nested», Amplifikat von 320 Bp mit

J 5-2 KSI: ATA AGC CTT GCA GTC TAG GCA GAA GAA GA

J3-2KSI: TGG GTC CCC TCC TGA GGA

«ncsied» PCR [31

Wie oben, jedoch ohne reverse Transkription

Plasma, Scrum' «nesied» RT-PCR Ml

reverse Transkription mit Primer NCR2,

1. Amplifikation 30 Zyklen, Amplifikat von 320 Bp mit

NCR I: GTA TCT CGA GCC GAC ACT CCA CCA TAG AT

NCR 2: ATA CTC GAG GTG CAC GGT CTA CGA GAC CT

2. Amplifikation 35 Zyklen «ntsted», Amplifikat von 279 Bp mit

NCR 3: CCA CCA TAG ATC TCT CCC CTG T
NCR 4: CAC TCT CGA GCA CCC TAT CAG GCA GT

HIV-1-Provirus-

DNS Plasma, Scrum 1

HCV

HBV

CMV

Plasma, Serum' [2]

EDTA-Elut 1

Multiplex-PCR

HBV, HCV Plasma. Serum5

und HIV 1

(RNS/DNS)

Amplifikation 30 Zyklen, Amplifikat von 113 Bp

MD 03: CTC AAG CTT CAT CAT CCA TAT A

MD 06: CTT GGA TCC TAT GGG AGT GG

(41

1, Amplifikation 30 Zyklen, Amplifikat von 435 Bp

MIEA I: CCA AGC GGC CTC TGA TAA CCA AGC C
MIEA 2: CAG CAC CAT CCT CCT CTT CCT CTG G

2. Amplifikation 35 Zyklen «nested», Amplifikat von 110 Bp

MIEA 6: AGT GTG GAT GAC CTA CGG GCC ATC G
MIEA 7: GGT GAC ACC ACA GAA TCA GAG GAG C

1. Amplifikation 30 Zyklen

2. Amplifikation 35 Zyklen «nested»

3. mogliche Amplifikate

1 Die Nukleinsaureextraktion fiir DNS und RNS erfolgtc durch Zusatz von 4 M Guanidiniumisothiocy anat, 1%

nichtionischem Dctergens, Adsorption an Kieselgel, Waschen mil 709b Ethanol und Elmion mit Wasscr (5).

2 Der Reaktionsansat7 fUr die reverse Transkription von HIV-1- und HCV-RNS enthalt bcrcits die vollstan-

digen «auBeren» Primerpaare liir HCV und HIV I und die Primer fur HBV. Unmiitelbar nach dei reversen

Transkription wird thcrmostabile DNS-Polymerase zugegeben und in 20 pi Reakiionsvolumen amplifiziert,

2 pi werden in den 20-ul-Reaktionsansatz fiir d'e zwciie <«ne$tcd») PCR uberfuhrt, der die «ncsted» Primer

fur HCV und HIV-1 enthalt


